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[bookmark: _Toc103375335]ABSTRACT
The Adirondack Mountains (ADK) form the southern part of the Grenville Province, a poly-deformed orogenic complex formed in the Mesoproterozoic during the formation of Rodinia. The ADK is subdivided into two domains, separated by the Carthage-Colton Mylonite Zone. The Lowlands are characterized by upper amphibolite-facies metasedimentary rocks, including marbles, evaporites, and volcanic units, whereas the Highlands are formed by granulite-facies meta igneous rocks and anorthosite-mangerite-charnockite-granite magmatic complex. A large suite of granulite-facies orthogneisses exposed in the Southern Highlands yields the oldest (>1.3 Ga) ages, however, those ages come from a limited number of outcrops. We present new petrological, geochemical, and geochronological results from several quartzofeldspatic orthogneiss units to better document the timing and tectonic setting of these rocks. All samples are mainly composed of quartz, felspar, biotite, pyroxene, and opaque minerals. Foliation and lineation are defined by elongated quartz ribbons and feldspar grains, or biotite laminae. High-temperature microstructures, such as flame perthites in feldspars or checkerboard extinction in quartz are commonly observed in thin sections. Major element analyses show that samples have calc-alkaline affinities, suggesting an arc environment. U-Pb zircon geochronology produced two age groups. 1150 Ma ages which are Shawinigan and 1350 Ma ages which are associated with pre-orogenic magmatism. Based on whole rock geochemistry the Shawinigan age rocks are associated with within plate magmatism and the 1350 Ma pre-orogenic magmatism is associated with magmatic arc activity.
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[bookmark: _Toc103375337]Grenville Province:
The Adirondack Mountains are an outlier and southernmost portion of the Grenville province. Other Grenville age exposers are located throughout the Appalachian Mountains as inliers (McLelland et al. 2010). The Grenville Province exposes the middle-lower crustal rocks of an ancient mountain range that formed from three orogenic events, the Elzevirian Orogeny (ca. 1250-1220 Ma), the Shawinigan Orogeny (ca. 1160-1140 Ma), and the Ottawan Orogeny (ca. 1090-1030 Ma) (McLelland et. al. 2013) see (Fig. 1). The temporal differences of these events are shown in (Fig. 3).
[bookmark: _Toc103375338]The Adirondack Mountains
The Adirondacks can be separated into two major parts.  The Adirondack Highlands and the Adirondack Lowlands and are separated by the Carthage-Colton mylonite zone. The Lowlands are comprised of easily eroded metasediments also minor intrusive volcanics, calcitic and dolomitic marbles, silicious meta-carbonates, evaporites, quartzite, volcani-clastic rocks and distal arc volcanics (Peck et al. 2013) see (Fig. 2).
 The Adirondack Highlands are composed of many lithologies. The Highland terrane is dominated by orthogneisses (McLelland et al. 1996). Anorthosite-Mangerite-Charnokite-Granite (AMCG) are some of the most prevalent units in the Adirondack Highlands. One of the most significant units in this group is the Marcy Massif a large Anorthosite unit in the Adirondack Highlands. This unit covers a large area of the northeastern Highlands. AMCG units intruded during the late Shawinigan orogen (McLelland et al. 2004).
The Highlands are dominated by Ottawan phase ages (ca. 1090-1020 Ma), and the lowlands are characterized by Shawinigan phase ages (ca. 1160-1140 Ma). The Highlands are also metamorphosed to higher temperature and pressure conditions than the lowlands (Darling and Peck 2016).
[bookmark: _Toc103375339]Southern Adirondacks
The Southern Adirondacks contain the oldest rocks in the Adirondack Mountains. These rocks are a suite of 1.35-1.25 Ga tonalitic and granitic plutons (McLelland and Chiarenzelli 1990). The southern Adirondacks are composed of many lithologies that include the AMCG, ca. 1300 Ma pyroxene-hornblende tonalite and charnokite. Pre 1150 Ma charnockites are only known from the southern Highlands ca. 1240 Ma (McLelland et al. 1996).
To understand the relationship between these rocks and other rocks in the Adirondacks and Grenville Province more analysis needs to be done. Identifying more lithologies with complete geochronology, and geochronology will provide more constraints temporally and spatially for events in the Southern Adirondacks, see (Fig.2). 

[bookmark: _Toc103375340]RESEARCH OBJECTIVES
	The goal of this research is to identify lithologies in the southern highlands that do not have complete geochronologic and geochemical data on them. Collecting this data will bring new constraints and insights to the formation and distribution of rocks in the Southern Adirondacks. Understanding the relationships between these rocks and other rocks of the same age and composition throughout the Adirondacks and Grenville Province will give a better understanding of the formation and deformation of the region. 
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[bookmark: _Toc103375342]Field Work
Samples were collected during the summer of 2021 from the Southern Adirondacks.     In-situ descriptions of minerals and textures were made in the field, followed by hand sample descriptions. Locations of the outcrops were recorded in latitude and longitude for accurate collection site location using a GPS. Samples were bagged and labeled at each locality. Each sample was then separated into portions to be sent for intended analytical tests. Thin sections, U-Pb geochronology and whole rock geochemistry with trace element testing was completed with the collected samples.
[bookmark: _Toc103375343]Thin Sections
Thin section preparation began by cutting collected samples into billets of the correct size and orientation. The billet was cut to be the same width of a microscope slide to ensure the fit. The billet was cut perpendicular to foliation creating an ideal surface in order to observe metamorphic textures. The billets were sent to Quality Thin Sections, located in Arizona. The billet went through various stages of grinding to become optically flat. The finishing grind is approximately 1000 grit. The sample was sonically cleaned between each step. The thin section chip is then adhered to a frosted slide. The epoxy used is BUEHLER. After curing time, most of the chip was removed leaving a few thousandths of rock adhered to the slide. 600 carborundum grit was used to then grind the chip to the final thickness. The standard slide thickness is 30 microns. The samples were again cleaned, and a coverslip was applied. After this step the thin sections are ready for textural and compositional analysis.
[bookmark: _Toc103375344]Geochronology
Geochronologic analysis of the rocks took place at University of Arizona Laserchron Center (ALC). Once instrument settings were optimized, the sequence of standards is five standards at the start, one standard between every four to five unknowns and three standards at the end. U-Pb Geochronology data was collected by laser ablation ICP mass spectrometers, LA‐ICPMS, at ALC. Data was acquired in two steps: an initial measurement of backgrounds with the laser off, followed by measurement of peak intensities with the laser firing. Both acquisitions are about the same duration, ~15 seconds for a beam 30-40 microns in diameter. For analysis of grains, a 30–40-micron beam was used to excavate a pit that is ~15 microns in depth. 238U, 232Th and 208-206Pb are collected simultaneously using Faraday detectors. The data was then corrected using Background and Hg correction as well as Fractionation Correction. Ages are determined for a set of analyses through use of a weighted mean calculation, which weighs each analysis according to the square of its uncertainty. The final age is accordingly controlled primarily by analyses with smaller errors (Gehrels 2010). 
[bookmark: _Toc103375345]Geochemistry
Whole rock geochemistry analysis was done at Hamilton Analytical Lab. A full suite of 44 elements, both major and trace, were analyzed. Using a Thermo ARL Perform an x-ray fluorescence spectrometer to analyze 15-5 mm diameter glass discs, the full record of whole rock geochemistry was completed. To prepare each sample for analysis the rock must first be crushed into pea sized chips and then washed in distilled water. The chips were then powdered in a ball mill. This powder was then sent to Hamilton Analytical Lab where it was mixed with flux and melted in a custom machined graphite crucible at 1000 C. The pellets are reground into a powder and fused again at 1000 C. The doubly fused pellets are lapped flat in four stages to a surface finish of 15 microns (Hamilton Analytical Methods). Data collected through geochemistry analysis was used in discrimination diagrams to identify rock types and magma sources.
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	During petrographic analysis it was revealed that all the rocks analyzed are composed of plagioclase, quartz, biotite, orthoclase, clinopyroxene and/or opaques. SA-21-01 mineral composition is 60% quartz, 20% K-feldspar, 10% plagioclase and 10% biotite (Fig. 13). SA-21-02 mineral composition is 70% quartz, 20% plagioclase, 8% pyroxene and 2% biotite (Fig. 14). High temperature metamorphic structures such as flame perthites in feldspar and checkerboard extinction in quartz.  SA-21-03 mineral composition is 75% quartz, 20% plagioclase, and 5% biotite (Fig. 15). Throughout all the samples elongate quartz ribbons form the foliation and laminae. All samples show biotite that is clustered together into areas that form foliation. 
[bookmark: _Toc103375348]Geochemical Analysis
	REE analysis using primitive mantle normalization shows a clear subduction related signature with depletion in Ta, Th, and Ti. Another significant feature in the REE analysis are the opposing trends. Significant elements include Sr in which SA-21-03 has an enrichment as opposed to a depletion in the other two samples, a strong U peak in SA-21-03 which is not present in the other two samples, and SA-21-03 overall has consistently lower concentrations of most elements (Fig. 5). REE normalized against chondrites shows a depletion in Eu for both (Fig. 4) SA-21-01 and SA-21-02 but not SA-21-03. A much flatter trend is also shown by SA-21-03 indicating a more primitive source and lesser crustal contamination. AFM diagram shows that the samples trend toward calc-alkaline which indicates a non-rifting formation environment (Fig. 6). As seen in (Fig. 9) the samples collected plot in the calc-alkalic range. This plot helps identify formation environment. In the comparison diagram (Fig. 8) SA-21-03 is significantly different having a much lower K20 percentage than SA-21-01 and SA-21-02. The lower K20 percentage is more closely related to other ADK Highland units than the other two samples. However, SA-21-01 and SA-21-02 are closer to data from (Peck, 2012). All geochemistry data can be seen in (Tables 4, 5, and 6).
[bookmark: _Toc103375349]Geochronology and Zircon Structures
	Geochronology results identified two age groups. SA-21-01 has a mean best age of 1160±4 Ma (MSWD=1.06, n=25, U=463±201, U/Th=2.66±1.45). SA-21-02 has a best mean age of 1149±6 Ma (MSWD=1.2, n=28, U=101±73, U/Th=2.40±0.95). SA-21-03 displayed a vastly different mean age that the first two samples with it being much older. The best mean age for SA-21-03 was 1346±14 Ma (MSWD=10.5, n=20, U=468±198, U/Th=6.75±3.06). Core and rim ages for each of the samples are similar. Concordia diagrams show upper intercept indicating age of formation (Fig. 10, 11, and 12). All geochronology data can be seen in (Table 1, 2, and 3).
Zircons from all samples show oscillatory zoning followed by a more homogenous rim. Rims vary between dull and bright. SA-21-01 does not show significant rims that are varying brightness from the rest of the zircon. SA-21-01 is the most consistently elongate crystal shape with lengths between 300 and 500 microns but widths barely exceeding 150 microns. SA-21-02 has extremely bright cores with dull rims. SA-21-02 also shows more embayment and inclusions within the crystals. SA-21-02 zircons lengths are between 300-400 microns and widths between 100 and 200 microns. SA-21-03 had the largest zircon crystals with lengths ranging from 300 to 500 microns and widths ranging from 100 to 300 microns. Very thin, less than 50-micron bright rims are seen in SA-21-03.
[bookmark: _Toc103375350]DISCUSSION
	Geochronology indicates separation in ages for the samples collected. SA-21-01 and SA-21-02 are Shawinigan in age and SA-21-03 is pre-Grenville Orogenic Cycle mathematics. Geochemistry also shows separation into two groups with separation in both major elements and rare earth elements. Petrology showed distinct mineralogical differences between each sample. None of the samples had a minerology that would indicate that they formed from the same source at the same time indicating some temporal or spatial difference in formation. The formation environment for the two groups is also different. SA-21-01 and SA-21-02 have a formation environment that is more closely related to within plate magmatism as seen in (Fig. 7). SA-21-03 is well within the volcanic arc magmatism region as seen in (Fig. 7). Metamorphism did not appear to have affected the zircon crystals that were found within the samples. Rims showed similar ages to the cores. 
CONCLUSION
Based on results the various rocks collected all are ferroan in composition see. This points to a significant amount of crustal contamination. Also, the rocks all have calc-alkalic tendencies (Fig. 9) indicating that the formation environment was a magmatic arc. Nb, Ta, Sr, P, and Ti show particularly pronounced negative anomalies (Fig. 5), a hallmark of arc magmatism (Chiarenzelli et al. 2012). Major element analysis shows strong resemblance to other units in the ADK and Grenville Province in Canada. SA-21-01 and SA-21-02 correlate well with data from (Peck 2012) in Quebec, Canada. The chemistry for both major element data and REE align with (Peck, 2012) as seen in (Fig. 4 and 5) the gray cloud behind the spider diagram lines has a similar trend. SA-21-03 aligns in age and geochemistry with other lithologies throughout the ADK Highlands. These 1350 Ma rocks are associated with pre orogenic magmatic arc activity (Fig. 16). These areas can be seen in (Fig. 2) showing which portions of the Southern Adirondacks have similar ages. All samples are consistent in known ages of orogenic activity and magmatism. Samples SA-21-01 and SA-21-02 geochronology ages align with the Shawinigan Orogeny and SA-21-03 align with pre-orogenic magmatism. 
Geochronology data shows that SA-21-01 and SA-21-02 are associated with the Shawinigan Orogeny because the age of 1150-1160 Ma aligns with other known intrusions of the event. SA-21-03 is less consistent with ages most likely in the 1350 Ma range. This would be consistent with pre-Grenville orogenic magmatism These magmatics would likely be island arc related and could account for the REE results being more primitive with less crustal contamination as seen in (Fig. 16). The peak in Uranium is an indicator of a more primitive magma. The age difference of cores and rims in the zircon crystals is small to non-existent this means that the rims are likely magmatic or could be from metamorphism very shortly after formation. However, there is a distinct difference between the oscillatory structure of the cores and the solid rim that fills embayment’s and does not have an immaculate euhedral shape. These structures are seen in cathodoluminescence images.	
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[bookmark: _Toc103375352]APPENDIX A: Figures[bookmark: _Toc103375354]Figure 1: The extent of the Grenville Province its Adirondack outlier. In addition to the Grenville Province Mesoproterozoic inliers within the Appalachian Mountains are also noted. Adirondack Mountains are within the red box after (McLelland et al. 2010).
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Description automatically generated][bookmark: _Toc103375355]Figure 2: Adirondack Mountains with sample locations indicated on the map. Light blue is SA-21-01, red is SA-21-02, and purple is SA-21-03 modified from (McLelland et al. 2010).
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Description automatically generated][bookmark: _Toc103375356]Figure 3: This indicated the temporal difference between all segments of the Grenville Orogenic Cycle after (Rivers, 2008).
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Description automatically generated][bookmark: _Toc103375357]Figure 4: Spider diagram of rare earth elements normalized against chondrites. The gray cloud is additional rare earth element data from (Peck, 2012). Depletion in Eu is consistent across both data sets and flattening of the heavy REE curve is also consistent. Light blue is SA-21-01, red is SA-21-02, and purple is SA-21-03.
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Description automatically generated][bookmark: _Toc103375358]Figure 5: Spider diagram of Trace elements normalized against primitive mantle. The gray cloud is additional trace element data from (Peck, 2012). Both data sets show similar tendencies for depletion and enrichment. These would indicate a similar formation environment. Separation between two groups in the samples is clean by the depletion in Sr seen in light blue, SA-21-01 and red, SA-21-02 and the enrichment seen in the same element in purple, SA-21-03. 
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Description automatically generated][bookmark: _Toc103375359]Figure 6: AFM diagram used to identify formation environment. Samples plot toward the left edge and have Calc-Alkaline affinities. This is suggesting affinities toward a non-spreading environment. Addition data seen as the gray dot scatter is from (Peck, 2012). This data is consistent with the data I collected indicating a similar formation environment. SA-21-01 is light blue, SA-21-02 is red, and SA-21-03 is purple. 
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Description automatically generated][bookmark: _Toc103375360]Figure 7: Rb, Y+Nb formation environment diagram indicates the formation of granites. This figure indicated further specificity of formation environment of the samples collected. Gray dot scatter is additional data from (Peck, 2012). This data is much more similar in the formation environment to light blue, SA-21-01 and red, SA-21-02. This identified those two samples as Within plate formation environment. SA-21-03, purple is strongly within the volcanic arc formation environment indicating that it formed due to magmatism related to subduction.
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Description automatically generated][bookmark: _Toc103375361]Figure 8: This comparison diagram is used to identify similarities between samples. My samples SA-21-01, light blue and, SA-21-02, red, are more closely related to data from (Peck, 2012) and SA-21-03 is more closely related to other ADK Highland rocks seen as the green cloud.
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Description automatically generated][bookmark: _Toc103375362]Figure 9: MALI diagram indicating affinities to compare formation environments and compare data. Addition data from (Peck, 2012) is shown as the gray dot scatter. My samples, SA-21-01 light blue, SA-21-02 red, and SA-21-03 have calc-alkalic affinities. Diagram from (Frost et al. 2001).
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Description automatically generated][bookmark: _Toc103375363]Figure 10: Concordia diagram for SA-21-01 indicating upper and lower intercept for line of best fit. Best mean age of formation is shown at 1163±8.5 Ma. 
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Description automatically generated][bookmark: _Toc103375364]Figure 11: Concordia diagram for SA-21-02 indicating upper and lower intercept for line of best fit. Best mean age of formation is shown at 1154±18 Ma.
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Description automatically generated][bookmark: _Toc103375365]Figure 12: Concordia diagram indicating upper and lower intercept for line of best fit. Best mean age of formation is shown at 1343±32 Ma.
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Description automatically generated with medium confidence][bookmark: _Toc103375366]Figure 13: SA-21-01 thin section in XPL. SA-21-01 has substantial amounts of K-feldspar, plagioclase, and biotite. Biotite and elongate quartz ribbons form the laminae and foliation. Some opaque minor minerals are present.






[image: ][bookmark: _Toc103375367]Figure 14: SA-21-02 thin section in XPL. SA-21-02 is majority composed of quartz and feldspar but also has a sizable proportion of pyroxene. Biotite is present but not as significant. SA-21-02 also has high temperature metamorphic structures within the quartz and feldspar crystals. Flame perthites are common in feldspar throughout the thin section and quartz displays checkerboard extinction.





[image: A satellite image of the earth

Description automatically generated with medium confidence][bookmark: _Toc103375368]Figure 15: SA-21-03 thin section in XPL. SA-21-03 has three majority minerals, feldspar, quartz and biotite. SA-21-03 is coarse grained and has ribbons of quartz that form foliation.






[bookmark: _Toc103375369]Figure 16: Showing the progression of the Grenville orogenic cycle. This image shows the development of the Grenville province during the Grenville Orogenic Cycle. Locations in which my samples were emplaced are indicated by red stars. SA-21-01 and SA-21-02 are associated with the AMCG suite that intruded during the Shawinigan Orogeny. SA-21-03 was emplaced before 1300 Ma as shown at the top of the diagram related to a magmatic arc. Modified after (McLelland et al., 2013).


[bookmark: _Toc103375353][image: ]APPENDIX B: Tables[bookmark: _Toc103375370]Table 1: SA-21-01 U/Pb in zircon geochronology data.


[image: ][bookmark: _Toc103375371]Table 2:SA-21-02 U/Pb zircon geochronology data.

[image: ][bookmark: _Toc103375372]Table 3: SA-21-03 U/Pb geochronology data.

[image: ][bookmark: _Toc103375373]Table 4: Whole rock geochemistry data for major elements.


[image: ][bookmark: _Toc103375374]Table 5: Whole rock geochemistry for rare earth elements.

[image: ][bookmark: _Toc103375375]Table 6: Whole rock geochemistry for trace elements.
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± w

(ppm) 204Pb 207Pb* (%) 235U (%) 238U (%) corr. 238U (Ma) 235U (Ma) 207Pb* (Ma) (Ma)

SA-21-2

SA-21-2 spot 6 110 121564.8 2.50 12.96043 0.65 1.95607 1.09 0.18616 0.88 0.80 1100.5 8.9 1100.5 7.3 1100.5 13.0 1100.5

SA-21-2 spot 13 24 82409.4 1.09 12.86862 1.25 2.04698 1.48 0.19330 0.80 0.54 1139.2 8.4 1131.3 10.1 1116.1 24.9 1116.1

SA-21-2 spot 35core 17 6879.5 1.41 12.53346 1.52 2.10372 1.80 0.19796 0.90 0.50 1164.4 9.5 1150.0 12.4 1123.1 31.2 1123.1

SA-21-2 spot 23 24 244570.7 1.19 12.79952 1.32 1.99150 1.60 0.18674 0.90 0.57 1103.7 9.2 1112.6 10.8 1130.2 26.3 1130.2

SA-21-2 spot 2core 18 30305.8 1.47 12.70238 1.44 2.02338 1.68 0.18962 0.83 0.50 1119.3 8.5 1123.4 11.4 1131.3 29.0 1131.3

SA-21-2 spot 4 1431193549.0 2.95 12.74036 0.74 2.11965 1.19 0.19808 0.93 0.78 1165.0 9.9 1155.2 8.2 1136.9 14.7 1136.9

SA-21-2 spot 32 109 53500.5 3.10 12.72928 0.67 2.07586 0.93 0.19393 0.64 0.69 1142.6 6.7 1140.9 6.4 1137.5 13.4 1137.5

SA-21-2 spot 35 145 85567.0 2.91 12.71861 0.61 2.08015 0.88 0.19392 0.64 0.72 1142.6 6.7 1142.3 6.0 1141.7 12.1 1141.7

SA-21-2 spot 27 159 239511.3 3.85 12.71435 0.75 2.09709 0.98 0.19527 0.63 0.64 1149.8 6.6 1147.9 6.7 1144.1 14.9 1144.1

SA-21-2 spot 25 120 64393.3 2.99 12.68203 0.64 2.08902 1.04 0.19448 0.82 0.79 1145.6 8.6 1145.2 7.2 1144.4 12.8 1144.4

SA-21-2 spot 9 1382861743.4 2.90 12.70470 0.66 2.14002 0.93 0.19922 0.65 0.70 1171.1 7.0 1161.8 6.5 1144.6 13.2 1144.6

SA-21-2 spot 12core 197 321962.9 2.40 12.69174 0.53 2.11882 0.91 0.19714 0.73 0.81 1160.0 7.8 1155.0 6.3 1145.5 10.6 1145.5

SA-21-2 spot 15core 24 96395.9 1.14 12.67158 1.09 2.09738 1.45 0.19486 0.95 0.66 1147.6 10.0 1147.9 10.0 1148.5 21.7 1148.5

SA-21-2 spot 2 148 257000.9 2.84 12.65645 0.55 2.10667 0.88 0.19568 0.69 0.78 1152.1 7.3 1151.0 6.1 1148.9 11.0 1148.9

SA-21-2 spot 8core 31 23179.0 1.30 12.57408 1.18 2.08968 1.45 0.19405 0.85 0.58 1143.3 8.9 1145.4 10.0 1149.5 23.4 1149.5

SA-21-2 spot 29core 13 8555.4 1.77 12.42625 1.57 2.01913 1.99 0.18749 1.10 0.55 1107.7 11.2 1122.0 13.5 1149.6 33.0 1149.6

SA-21-2 spot 16 131 51446.6 3.12 12.63439 0.55 2.10348 0.78 0.19527 0.55 0.70 1149.9 5.8 1149.9 5.3 1150.1 10.9 1150.1

SA-21-2 spot 24 134 54502.2 3.55 12.63155 0.54 2.11041 0.85 0.19579 0.65 0.77 1152.7 6.9 1152.2 5.8 1151.4 10.7 1151.4

SA-21-2 spot 9core 185 505059.8 3.37 12.65697 0.68 2.09783 0.97 0.19462 0.69 0.72 1146.3 7.3 1148.1 6.7 1151.4 13.4 1151.4

SA-21-2 spot 21core 25 272595.9 1.52 12.65663 1.25 2.02244 1.63 0.18750 1.06 0.65 1107.8 10.8 1123.1 11.1 1152.7 24.7 1152.7

SA-21-2 spot 12 293 102305.1 2.04 12.61851 0.47 2.15181 0.84 0.19920 0.70 0.83 1171.0 7.5 1165.6 5.8 1155.6 9.3 1155.6

SA-21-2 spot 21 137 159368.2 2.97 12.62112 0.70 2.10963 1.18 0.19512 0.95 0.80 1149.1 10.0 1152.0 8.1 1157.4 13.9 1157.4

SA-21-2 spot 29 100 240422.0 3.07 12.61261 0.77 2.10159 1.16 0.19412 0.86 0.75 1143.7 9.0 1149.3 8.0 1160.0 15.3 1160.0

SA-21-2 spot 25core 16 14141.0 1.77 12.44207 1.66 2.14585 2.07 0.19784 1.06 0.51 1163.7 11.3 1163.7 14.3 1163.7 35.1 1163.7

SA-21-2 spot 8 202 90080.1 4.12 12.54529 0.59 2.13557 0.90 0.19669 0.68 0.76 1157.5 7.2 1160.4 6.3 1165.8 11.8 1165.8

SA-21-2 spot 15 120 92359.8 3.53 12.55631 0.57 2.12581 0.99 0.19572 0.80 0.81 1152.3 8.5 1157.2 6.8 1166.5 11.4 1166.5

SA-21-2 spot 32core 23 101297.3 1.31 12.56205 1.51 2.09093 1.69 0.19246 0.77 0.45 1134.7 8.0 1145.8 11.6 1167.0 29.9 1167.0

SA-21-2 spot 22 17 50269.3 1.34 12.50664 1.60 2.15241 1.90 0.19775 1.03 0.54 1163.2 10.9 1165.8 13.2 1170.7 31.6 1170.7

SA-21-2 spot 27core 41 33398.0 1.14 12.47473 1.13 2.12655 1.37 0.19516 0.77 0.57 1149.3 8.1 1157.5 9.5 1172.9 22.4 1172.9

SA-21-2 spot 4core 24 16156.7 1.79 12.28347 1.36 2.15072 1.81 0.19585 1.05 0.58 1153.0 11.1 1165.3 12.5 1188.2 29.0 1188.2

SA-21-2 spot 6core 26 80837.3 1.51 12.38197 1.01 2.15511 1.66 0.19607 1.32 0.79 1154.2 13.9 1166.7 11.5 1190.0 19.9 1190.0

SA-21-2 spot 19 22 14220.0 1.42 12.27587 1.36 2.11978 1.68 0.19275 0.78 0.46 1136.3 8.1 1155.3 11.6 1191.1 29.5 1191.1

SA-21-2 spot 18 24 39656.7 1.27 12.34904 1.24 2.10773 1.62 0.19132 1.05 0.65 1128.5 10.9 1151.3 11.2 1194.5 24.4 1194.5

SA-21-2 spot 16core 15 11886.7 1.68 11.61265 2.06 2.40120 2.28 0.20701 0.97 0.43 1212.8 10.7 1243.0 16.3 1295.5 40.1 1295.5


image20.emf
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age

(ppm) 204Pb 207Pb* (%) 235U (%) 238U (%) corr. 238U (Ma) 235U (Ma) 207Pb* (Ma) (Ma)

SA-21-3 sorted by 7/6

SA-21-3 spot 6 3135 91669 181.3 14.06397 0.86 0.75370 1.11 0.07776 0.70 0.63 482.7 3.3 570.4 4.8 937.2 17.5 482.7

SA-21-3 spot 24 rim 15 8057 4.1 12.47689 1.68 2.00833 1.94 0.18770 0.93 0.48 1108.9 9.5 1118.3 13.1 1136.7 33.8 1136.7

SA-21-3 spot 27 854 389606 3.2 12.54147 0.45 2.11979 0.78 0.19482 0.63 0.81 1147.4 6.6 1155.3 5.4 1170.0 8.9 1170.0

SA-21-3 spot 33core 1115 236483 31.1 12.43797 0.37 1.89839 0.82 0.17322 0.74 0.89 1029.8 7.0 1080.5 5.5 1184.3 7.3 1184.3

SA-21-3 spot 9 598 622935 60.9 12.44573 0.79 2.02101 2.04 0.18423 1.89 0.92 1090.0 18.9 1122.6 13.9 1186.2 15.5 1186.2

SA-21-3 spot 33 1277 821948 284.2 12.36127 0.37 2.17956 0.87 0.19754 0.79 0.90 1162.1 8.4 1174.5 6.1 1197.5 7.4 1197.5

SA-21-3 spot 19 526 123466 77.8 12.30097 0.64 2.12137 1.50 0.19144 1.35 0.90 1129.1 14.0 1155.8 10.3 1206.1 12.7 1206.1

SA-21-3 spot 9 rim 56 97372 23.0 12.21884 0.80 2.32749 1.25 0.20861 0.96 0.77 1221.4 10.7 1220.7 8.9 1219.5 15.6 1219.5

SA-21-3 spot 14core 226 83084 4.9 12.10016 0.55 2.39488 1.04 0.21265 0.88 0.85 1242.9 10.0 1241.1 7.5 1237.8 10.8 1237.8

SA-21-3 spot 16 320 145527 6.2 11.96024 0.54 2.38013 1.03 0.20878 0.88 0.85 1222.3 9.8 1236.7 7.4 1261.7 10.5 1261.7

SA-21-3 spot 31 472 132329 11.6 11.71939 0.48 2.49388 1.18 0.21452 1.08 0.91 1252.8 12.3 1270.3 8.6 1299.9 9.3 1299.9

SA-21-3 spot 15 370 434424 4.2 11.73408 0.58 2.63187 0.96 0.22632 0.77 0.80 1315.2 9.2 1309.6 7.1 1300.4 11.2 1300.4

SA-21-3 spot 7 433 122714 5.6 11.72418 0.52 2.59704 0.92 0.22325 0.76 0.83 1299.0 9.0 1299.8 6.8 1301.1 10.1 1301.1

SA-21-3 spot 27core 459 182103 9.8 11.69983 0.68 2.49312 1.67 0.21385 1.52 0.91 1249.3 17.3 1270.0 12.1 1305.3 13.2 1305.3

SA-21-3 spot 1 324 102795 2.5 11.65667 0.46 2.30132 1.37 0.19670 1.29 0.94 1157.6 13.6 1212.7 9.7 1312.2 9.0 1312.2

SA-21-3 spot 24 261 125874 10.6 11.64366 0.57 2.73572 1.04 0.23364 0.87 0.84 1353.5 10.6 1338.2 7.7 1313.8 11.1 1313.8

SA-21-3 spot 22core 488 177856 5.7 11.54414 0.43 2.72009 0.96 0.23025 0.85 0.89 1335.8 10.3 1334.0 7.1 1331.0 8.4 1331.0

SA-21-3 spot 4 623 132784 5.3 11.53845 0.43 2.71103 0.90 0.22923 0.80 0.88 1330.5 9.6 1331.5 6.7 1333.1 8.3 1333.1

SA-21-3 spot 12 695 629175 3.9 11.49746 0.47 2.25201 0.93 0.18957 0.80 0.86 1119.1 8.2 1197.4 6.5 1341.7 9.1 1341.7

SA-21-3 spot 35 452 276714 5.0 11.45581 0.44 2.69900 0.79 0.22679 0.66 0.84 1317.6 7.9 1328.2 5.9 1345.2 8.4 1345.2

SA-21-3 spot 29core 1090 2990719 2.0 11.45855 0.49 2.26816 1.54 0.19038 1.46 0.95 1123.4 15.0 1202.4 10.8 1347.3 9.5 1347.3

SA-21-3 spot 3 282 643219 7.4 11.42826 0.43 2.80056 0.79 0.23448 0.66 0.84 1357.9 8.1 1355.7 5.9 1352.2 8.3 1352.2

SA-21-3 spot 25 613 65374 6.2 11.40222 0.36 2.44088 0.94 0.20431 0.87 0.92 1198.4 9.5 1254.7 6.8 1352.7 7.0 1352.7

SA-21-3 spot 34 554 314011 6.6 11.39407 0.48 2.73369 1.01 0.22847 0.88 0.88 1326.5 10.6 1337.7 7.5 1355.6 9.2 1355.6

SA-21-3 spot 20 558 371415 4.1 11.31671 0.46 2.80378 1.04 0.23254 0.93 0.90 1347.8 11.3 1356.5 7.8 1370.3 8.9 1370.3

SA-21-3 spot 17 537 1160393 4.8 11.28240 0.50 2.76202 0.97 0.22831 0.82 0.85 1325.7 9.9 1345.3 7.2 1376.8 9.7 1376.8

SA-21-3 spot 22 407 138379 10.0 11.26820 0.51 2.89153 0.93 0.23896 0.78 0.84 1381.3 9.7 1379.7 7.0 1377.2 9.9 1377.2

SA-21-3 spot 29 296 524205 10.0 11.23027 0.53 2.87903 1.01 0.23692 0.86 0.85 1370.6 10.6 1376.4 7.6 1385.4 10.2 1385.4

SA-21-3 spot 30 426 160716 10.9 11.20462 0.49 2.93974 0.72 0.24162 0.52 0.73 1395.1 6.5 1392.2 5.4 1387.7 9.5 1387.7

SA-21-3 spot 5 114 1670870 4.1 11.06082 0.61 2.95254 0.93 0.23905 0.70 0.75 1381.8 8.7 1395.5 7.0 1416.5 11.7 1416.5

SA-21-3 spot 11 369 67626 11.3 10.94874 0.60 3.09030 0.82 0.24831 0.56 0.68 1429.7 7.2 1430.3 6.3 1431.1 11.5 1431.1


image21.emf
Maj ElementsUnit SA-21-01 SA-21-02 SA-21-03

SiO2 % 68.73 63.88 71.07

TiO2 % 0.77 1.51 0.16

Al2O3 % 14.19 12.95 15.97

FeO % 4.35 8.21 1.67

MnO % 0.033 0.154 0.034

MgO % 0.83 1.16 0.36

CaO % 2.48 3.86 2.62

Na2O % 3.24 3.16 5.50

K2O % 3.95 3.46 1.17

P2O5 % 0.275 0.635 0.047

LOI % 0.43 0.06 0.64

sumAll % 99.60 99.45 99.43
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Whole Rock REE Units SA-21-01 SA-21-02 SA-2103

La PPM 50.30 56.39 12.37

Ce PPM 98.53 129.98 22.87

Pr PPM 12.04 18.92 2.95

Nd PPM 45.38 84.00 11.71

Sm PPM 8.16 18.52 2.13

Eu PPM 1.95 4.22 0.63

Gd PPM 7.31 18.29 1.85

Tb PPM 1.04 2.77 0.27

Dy PPM 5.50 15.60 1.55

Ho PPM 1.02 3.12 0.32

Er PPM 2.76 8.50 0.93

Tm PPM 0.37 1.22 0.15

Yb PPM 2.14 7.55 0.92

Lu PPM 0.30 1.13 0.14
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Whole Rock Trace ElementsUnit SA-21-01 SA-21-02 SA-2103

Ag PPM 0.031 0.069 0.015

As PPM 0.2 0.5 bdl

Ba PPM 539 973 415

Bi PPM 0.017 0.001 bdl

Cd PPM 0.08 0.16 0.01

Cr PPM 11 3 0

Cs PPM 1.90 0.22 0.11

Cu PPM 12.4 10.2 6.5

Ga PPM 22.0 23.3 15.8

Ge PPM 1.37 1.63 1.17

Hf PPM 9.44 23.76 2.09

Mo PPM 0.64 1.98 0.11

Nb PPM 11.56 20.70 1.16

Ni PPM 6.7 3.6 2.7

Pb PPM 13.02 13.33 1.62

Rb PPM 160.0 55.3 9.3

Sb PPM 0.40 0.32 0.19

Sc PPM 4.58 18.19 2.46

Sn PPM 2.23 1.49 0.41

Sr PPM 186 280 722

Ta PPM 0.43 0.97 0.05

Th PPM 5.38 1.19 0.17

Tl PPM 0.96 0.35 0.05

U PPM 1.29 0.48 0.14

V PPM 51 81 17

Y PPM 29.47 85.54 9.60

Zr PPM 348 994 75


